Abstract: Rumen degradation and kinetic properties of rice straw subjected to urea and poultry litter treatments was investigated. The crude protein (CP) content of the straw was significantly (P<0.05) increased from 4.44% for the untreated rice straw (URS) to 12.35, 20.46 and 19.72% for urea-treated rice straw (UTRS), poultry litter treated rice straw (PLTRS1) and poultry litter treated rice straw (PLTRS2), respectively. The dry matter (DM) degradability of the treated straw was consistently higher than that of the untreated straw, whereas the rate constants (c) for the untreated and treated straw were similar. The study showed a close relationship between the comparative degradability rate (c) and outflow rate (k) at 24 hr incubation of the rice straw. The effective degradability of the straw was influenced by the rapidly soluble fraction (a) and the rate constant (c) for degradation of the straw. Urea-ammoniation thus, increased the CP of crop residues and its degradability in the rumen. Also, the use of poultry litter can be a suitable alternative to urea fertilizer in treating crop residues and reduces the problem of animal waste disposal. The trial also shows that equal proportion of rice straw to poultry litter is more effective in the treatment of straw.
‫التحللية‬ ‫الحركية‬ ‫الخصائص‬ ‫وفضالت‬ ‫باليوريا‬ ‫المعامل‬ ‫األرز‬ ‫لقش‬

Introduction
Adequate nutrition, being an important factor in production is a major necessity that is difficult to meet while rearing livestock in Nigeria. Animal feeds are in short supply thereby leading to a wide gap between demand and supply of feed and fodder. The situation is worse during the long dry season which lasts for about seven months. During such periods, fibre-rich, low protein forages and crop residues are the most abundant feeds for ruminants. Consequently, animals are not able to meet their protein and energy needs, and the deficiency is noticed as drastic weight loss and decreased productivity (Adegbola et al., 1988; Nuru, 1993) .
Cereal straw or stovers are the main crop residues available for ruminant feeding during the dry season in Northern Nigeria. These crop residues grazed on by pastoralists account for a large proportion of the animals" total grazing in the dry season (Bayer, 1986) . In the absence of high quality forage in the dry season, these residues still, and will remain the main feed resource for smallholder livestock farmers in most developing countries. The crop residues are low in nitrogen, minerals, vitamins and available energy and are of low digestibility (Sundstol and Owen, 1984; Kibon, 1999) . Over the years more attention has been paid to raising the nutritive value of crop residues. Alkali treatment of straw is generally considered to increase the rate and extent of digestion (Chesson and Orskov, 1984) . In addition, there is limited information available to small scale farmers in developing countries like Nigeria, on the rumen degradation characteristics of crop residues subjected to various urea treatments. The utilization of roughage by ruminant animals is largely dependent upon microbial degradation within the rumen. Therefore, description of roughage in terms of their degradation characteristics would provide a useful guide for ranking on the basis of nutritive value and efficiency of treatment methods.
The use of the "nylon bag" technique in estimating both the rate and extent of disappearance of feedstuffs from the rumen has been described by Mehrez and Orskov, (1977) , Kempton (1980) , Orskov et al. (1980) . The simplicity and cost effectiveness of the technique necessitates its wide usage for feed evaluation especially in developing countries, where there is rapid communication of information on feed quality without resorting to highly technical and expensive laboratory procedures.
The objective of this study was to assess the rumen degradability and kinetic properties of rice straw subjected to urea and poultry litter treatments.
Materials and Methods
Collection and treatment of rice straw
Rice straw (RS) was collected from experimental rice farms of Crop Production Programme, School of Agriculture, Abubakar Tafawa Balewa University, Bauchi. The trial was set up to evaluate the productivity of FARO 44/SIP1692033 in a swampy area. Straw samples collected from the trial plots were poled for the study. FARO 44/SIP1692033 is the most predominant rice variety grown in the Northern Guinea Savannah area. The RS, consisting of the leaf and straw portions, was gathered from the field immediately after harvesting, chopped manually using a matchet to a length of 3-5cm.
The RS was divided into three portions, and the first portion was not subjected to any treatment besides the chopping -this was referred to as untreated rice straw (URS) or control. The second portion of the chopped rice straw was treated using urea fertilizer at 4%. This was done by dissolving 4kg of urea in 100 litres of water to treat 100kg RS. The RS was treated by sprinkling it with the 4% urea solution in a metal drum that was lined with a polythene sheet. The mixture was tightly closed (air tight) for a period of 21days. After the 21days, the ensiled RS was spread in open air under shade for three days to enable cooling and escape of ammonia gas. This treated RS was called urea-treated rice straw (UTRS). The third portion of the chopped RS was treated using poultry litter (broiler litter). The litter was milled through a 2mm sieve to ensure thorough mixing of the litter components. The RS was mixed with poultry litter (PL) in two different ratios, 5:5 and 6:4. Equal amounts of water was mixed with each of the rice straw + poultry litter (RSPL) mixture in equal proportions (50:50) which happened to be the best combination as earlier reported (Ngele et al., 2003) . The mixture was then put into polythene bags, tightly closed and kept in metal drums for a 21days as an ensilage period. After the 21days, the material was dried under shade for three days, and this mixture was referred to as poultry litter treated rice straw (PLTRS). The ratio of rice straw to poultry litter (RS: PL), 5:5 and 6:4 on dry matter basis was designated as PLTRS1 and PLTRS2, respectively. These two combinations were the best in terms of increased crude protein (CP) and decreased crude fiber Table 1 (Ngele et al., 2003) . The quantity of feed samples used for the rumen degradation studies were collected from the treated rice straw meant for feeding trials (Ngele, 2008) . Hundred kilograms of rice straw was treated in each case. Samples of the rice straw (URS, UTRS, PLTRS1 and PLTRS2) were ground through a 2.5 mm sieve for the nylon bag study.
Animals and their feeding
Two white Fulani (Zebu) bulls (of average weight 290 kg) at the Abubakar Tafawa Balewa University farm were fitted with permanent ruminal cannulae 40mm in diameter. The cannulae was originally intended for small ruminants but it is widely used for Zebu cattle because of its small size, as opposed to Bos taurus that was used for the nylon bag study. The animals were kept in individual pens with free access to water and salt lick. The bulls were offered 4.5 kg groundnut haulms each and RS was provided on an ad libitum basis. Three grams of the milled samples were weighed into separate nylon bags (33mm x 160mm, pore size 50 x 27 microns). The material that could simply be washed from the nylon bags (a), also called washing loss (WL) was estimated by washing two bags per treatment (8 samples) after soaking in lukewarm water (39 o C) for one hour. This was done to establish the washing loss before rumen degradation set in. Detailed procedures of the rumen degradation adopted were as described by Ani (1992) .
The bags were incubated in the rumen of each bull by being anchored to a 250 mm plastic tube for periods of 6, 12, 24, 48, 72 and 96 hrs. After the bags were removed from the rumen, they were mechanically washed under a continuous flow of running water until clean water run through the bags at room temperature (24 o C).
Data collection and analysis
The dry matter (DM) content of the samples was determined by drying at 60 o C for 48 hr in an oven. Ash was measured by igniting the samples in a muffle furnace at 500 o C for 4 hours. Nitrogen (N x 6.25, or crude protein) content was determined by the automated Kjeldahl method. The neutral detergent fibre (NDF) and acid detergent fibre (ADF) were determined by the method described by Goering and Van Soest (1970) . Ether extract was determined using the soxhlet extractor technique.
Data for DM disappearance from the nylon bags was obtained by fitting values to the exponential equation of Orskov and McDonald (1979) :
Where, P = is the disappearance at time t, a = the rapidly disappearing fraction (zero time intercept), b = proportion of the feed which is slowly degraded with time, c = the rate constant for the degradation of "b". The data was subjected to analysis of variance (ANOVA) by using the General Linear Model (GLM) with incubation time and treatment methods as fixed factors in SPSS for windows (1996) . The effective DM degradability of the RS based on different ruminal outflow rates was calculated using the equation:
Where, P is the percent disappearance from the nylon bag at time"t"; a, b and c being constants from Equation 1 describing the degradation and, "k" is the fractional outflow rate. The "k" value for each RS was calculated (Orskov, 1992) .
Results and Discussion
The composition of the untreated and treated rice straw is shown in Table 2 . The crude protein (CP) content of the straw increased with treatment from 4.44% of the untreated rice straw (URS) to 12.35, 20.46 and 19.72% for UTRS, PLTRS1 and PLTRS2, respectively. The low CP content of the untreated rice straw observed in this study could be due to alteration in the chemical composition of the straw, affecting the maturity and grain production. The neutral detergent fiber (NDF) of the untreated rice straw is comparatively higher than the acid detergent fibre (ADF). These results are in agreement with those earlier obtained (Taiwo et al., 1992; Manyuchi et al., 1994) . The dry matter (DM) losses from the nylon bag, together with the constants of the fitted exponential equations are shown in Table 3 . The degradation characteristics of the straw were similar, while the DM degradation rate (c) ranged from 0.027 to 0.032 fractions per hour. The solubility (a) and potential degradability of DM (a+b) ranged from 5.82 to 10.63% and 62.7 to 77.8% respectively. The water soluble fraction was similar for the UTRS and PLTRS1 -10.63 and 10.16% respectively. The DM degradability of the treated straw (UTRS, PLTRS1 and PLTRS2) was consistently higher than that of the untreated rice straw. This could be due to the breakdown of the glucosidic linkage in the straw by the ammonia gas released from the hydrolysis of urea fertilizer or uric acid in the poultry litter. The high potential degradability observed in this study for the treated straw confirms an earlier report with treatments of sorghum stover, maize stover and sugar cane bargasse (Chesson and Orskov, 1984; Orskov et al., 1980; Adu et al., 1993; Bogoro et al., 2006) .
The outflow rate (k) at 24hr and the degradation constant (c) also at 24hr is shown in Table 3 . The "k" and "c" values were 2.66%/hr, 0.032 and 2.84%/hr and 0.028 fractions per hour for UTRS and PLTRS1 respectively. The rate constants (c) for the untreated and treated straw (0.027, 0.032, 0.028 and 0.024 for URS, UTRS, PLTRS 1 and PLTRS 2, respectively) recorded in this study fall within values earlier reported for cereal crop residues ( millet, c = 0.023 -0.035; sorghum, c -0.028 -0.038) (Orskov and Ryle, 1990; Kibon, 1999) . However, the comparative degradability rate (c) and outflow rate at 24hr of the rice straw showed a close relationship with each other as shown in Fig.1 (Table 3 ). Similar observation has been made for sorghum stover and other feeds (Bogoro, 1997; Bogoro et al., 1999) . The effect of different outflow rates on effective rumen degradability of the untreated and treated rice straw are shown in Fig 1. The degradability of the URS decreased from 41.07 to 19.90% as the fractional outflow rate (k) increases from 0.02 to 0.10/hr. There was a similarity in the effective degradability between UTRS and PLTRS1 and, between URS and PLTRS2 as the outflow rate increases from 0.02 to 0.10/hr.The effect of outflow rates on effective rumen degradability of the rice straw showed that an increase in the outflow rate leads to a corresponding decrease in the degradability of rice straw. The rapidly soluble fraction (a) and the rate constant (c) for the degradation of rice straw could have influenced the effective degradability. The dependence of effective degradability (P) on outflow rate (Fig. 1 ) observed in this study is in agreement with earlier reports that effective rumen degradation depends on the solubility (a), the rate (c) at which the "b" fraction is degraded and the outflow rate of small particles (k) (Orskov, 1985) .
The low effective degradability of PLTRS 2 (19.35%) at 0.10 outflow rate is comparable to the URS (19.90%) at the same outflow rate. This implies that the ammonia hydrolyzed from uric acid in the poultry litter was not enough to cause a major breakdown of the lignocelluloses when compared to the UTRS (29.01%) and PLTRS1 (25.87%). 
Conclusion
The present study shows that the crude protein content in crop residues can be increased by ammoniation. The study also reveals that ammoniation changes straw in such a way that its dry matter disappearance from the nylon bags either by dissolution, digestion or loss of fine particles is increased in the rumen. The use of poultry litter in treating crop residues will serve as an effective alternative to urea fertilizer which is scarce, expensive and unaffordable by most rural livestock farmers. In addition, this will go a long way in reducing the problem of animal waste disposal in urban areas. However, the ratio of rice straw to poultry litter is quite important in effective treatment of crop residues. This trial showed that an equal proportion of rice straw to poultry litter is most effective in the treatment process. The use of urban animal waste (poultry litter) should be handled with care so as to avoid public health risk.
